Abstract
Introduction
In our previous work [1] , an information literacy test (ILT) for higher education was developed, tested and validated. The ILT was applied as a measuring instrument to assess the level of information literacy (IL) of university students. In the continuation of our research, described in the present article, we explored the effects of different teaching methods, applied in credit-bearing information literacy courses at the university level, on the general level of IL, on knowledge and skills according to the individual IL standards in higher education, and on the cognitive levels of IL. Although the assessment of teaching methods in IL has been researched before [2] [3] [4] , the present article takes a new approach in analysing the impact of teaching methods on IL content and cognitive skills, as well as directly comparing two active teaching methods with a traditional teaching approach.
The research was performed within stand-alone credit-bearing IL classes. From a pedagogical perspective, such classes deserve attention in their own right, not just from the standpoint of improving learning in other disciplines [5] .
The three teaching methods compared were lecture-based, project-based and problem-based learning. The first of these is also called traditional or teacher-centred, and the latter two belong to the group of active or learner-centred learning methods.
Information literacy and cognitive levels
The definition of IL used in this article is based on a model by Association of College and Research Libraries (ACRL, part of American Library Association) [6] , which specifies that information literacy is "a set of abilities requiring individuals to recognize when information is needed and have the ability to locate, evaluate, and use effectively the needed information."
Information Literacy Competency Standards for Higher Education [6] were developed by ACRL to provide a framework for assessing the information literate individual, who must be able to:
(1) determine the extent of information needed; (2) access the needed information effectively and efficiently; (3) evaluate information and its sources critically and incorporate selected information into one's knowledge base and value system; (4) use information effectively to accomplish a specific purpose; (5) understand the economic, legal and social issues surrounding the use of information, and access and use information ethically and legally.
Recently, ACRL adopted the Framework for Information Literacy in Higher Education [7] to upgrade/replace the existing IL standards and associated learning objectives with the threshold concept of frames, defined by knowledge practices/abilities and dispositions. Although some suggestions for the application of the new framework have already been made [8] , our paper still uses for the analytical purposes the structure of ACRL standards, as they contain precise and wellstructured descriptions of students' performance indicators and expected outcomes.
According to Bloom's taxonomy of learning domains [9] , the cognitive domain involves knowledge and the development of intellectual skills. This includes the recall or recognition of specific facts, procedural patterns and concepts that serve in the development of intellectual abilities and skills. There are six major cognitive categories of increasing difficulty:
(1) knowledge/remembering (retrieving knowledge from memory); (2) comprehension (extracting meaning from messages); (3) application (using a procedure in a situation); (4) analysis (determining the relationship of parts in a whole); (5) synthesis (generalisation, specialisation); (6) evaluation (value, decision making, ideas).
It has been established by Wiener [10] that the cognitive functions enunciated by Bloom can be translated into tasks by using the attributes as portals to additional descriptors or actions. Reece [11] claimed that the ACRL standards are connected with Bloom taxonomy levels, and that, in learning to evaluate a source, students develop the highest taxonomic skill on Bloom's scale. It was recommended by Keene et al. [12] to choose an IL teaching method based on the cognitive skills required. For the execution of mechanical skills, a mixture of lectures, demonstrations, on-line tutorials and worksheets was suggested as suitable; for comprehension and tasks involving higherorder cognitive skills (analysis, synthesis, evaluation), the inclusion of student-centred activities (active learning) was recommended. Walton & Hepworth [13] also found that a number of cognitive states (knowledge and application) were evident at the face-to-face stage; however, the higher cognitive states of analysis, synthesis and evaluation appeared to be most evident in those students who have experienced the online social network learning process. In a review discussing searching as learning, Rieh et al. [14] associated types of searching strategies with cognitive learning modes, and linked them with Bloom's cognitive categories. Harmer and Lee [15] noticed that the student-centred learning had a prominent role in the new ACRL Framework, and presented a map of abilities and skills, as defined in the standards, with regard to the frames, also in view of Bloom taxonomy.
Problem-and project-based learning
The beginnings of problem-based learning (PBL) date back to the 1960s in medicine, where PBL is still most widely used, although it has since been applied in many other disciplines. Given a problem, learning occurs in a three-phase process, beginning with a tutor-supervised collaborative phase where learning needs are identified, followed by self-directed study and concluded by collaborative knowledge application and summation [16] . PBL is consistent with the principles of instruction arising from constructivism [17] . The premise of PBL is that new knowledge is constructed on the basis of what is already known [18] . A great deal of emphasis is placed on the tutor's role as the facilitator of learning, the self-direction and self-regulation responsibility of students, and the design process of suitable problems [19] .
The older of the two active methods, project-based learning (PjBL), was first used back in 1921. Blumenfeld et al. [20] define PjBL as a comprehensive perspective focused on teaching by engaging students in investigation. There are two essential components of projects: they require a question or problem that serves to organise or drive activities; and the activities result in a series of artefacts or products that culminate in a final product that addresses the driving question. According to Savery [19] , the objective is to design a product based on a given set of specifications. Learning is more oriented towards following procedures. Problems encountered are tackled by teacher intervention through providing expertise, feedback and suggestions. In project-based learning, considerable emphasis is placed on time/resource management and role differentiation.
PBL and PjBL in IL teaching
When speaking about PBL/PjBL research in relation to IL, it is necessary to differentiate between studying active approaches to teaching IL (as in the present article) and the impact that active methods applied in teaching a specific discipline have on IL. Many authors, such as Kenney [21] , limit the application of PBL to one-shot IL lessons or subject courses with integrated IL instruction [22, 23] , which differs from our approach, in which the method was applied throughout a stand-alone, creditbearing IL course. Applications of problem-based learning in IL teaching often centre on information retrieval tasks in which real-life problems that can be solved by database searching are presented, or such problems are simulated. However, this is not sufficient. Macpherson [24] states that successful information retrieval requires not only teaching question analysis, a problem-solving heuristic and search strategy design, but also teaching the concepts and skills associated with the broader spectrum of information literacy: critical thinking skills, involving evaluation of sources for credibility and relevance. Various authors point out the advantages of using PBL for teaching IL and give examples of good practices. Besides presenting a number of cases of the application of PBL, Snavely [25] adds learning by doing as another advantage. Wenger [26] suggests that more time in IL instruction should be spent on helping to articulate students' information needs, even at the expense of the time spent searching library resources. Spence [27] emphasises the importance of collaborative learning through practical activity, aligning PBL with sociocultural theories of learning. Diekema et al. [28] suggest that PBL might offer another, less discipline-centred strategy for introducing students to a more situated experience of IL. Brecher Cook and Klipfel [29] provide specific principles and strategies for promoting knowledge retention and transfer within studentcentred IL instruction. As well as being beneficial when used for IL instruction, PBL has a positive effect on IL when used in teaching other subjects. According to Dodd [30] , the introduction of PBL in the curriculum has increased the need for information skills and resulted in students visiting the library earlier, having a better understanding of how to use resources, becoming more discerning regarding information, and learning how to integrate information effectively. There is, however, another connection between PBL and IL, namely the similarity between the PBL methodology and the definition of IL according to the ACRL, as has been pointed out by Smith Macklin [31] . The abilities of fact gathering based on prior knowledge, knowledge need identification, problem statement and solution hypothesis, information search and result evaluation in PBL are comparable to the abilities of recognising needs and locating, evaluating and using information in the ACRL.
Despite active learning methods becoming more and more commonplace in IL instruction in all types of learning and on all educational levels, few researchers have compared teaching methods directly. In IL instruction for engineering students, problem-and lecture-based approaches were compared by Hsieh & Knight [32] , with the former proving to be more effective. Another research project [2] compared PBL (situated learning) with the classical approach in distance IL teaching, finding that PBL increases the possibility of knowledge transfer. Classical vs. problem-solving approaches to IL instruction integrated into science learning were also studied by Chen et al. [33] . The problem-based approach proved to be better for comprehension and solving problems, while the classical approach was better for memorising. In comparing passive (traditional) and active methods of IL instruction in terms of the effect on students, it was found [34] that active instruction had a direct effect on achieving positive student results, such as decreased anxiety or increased self-efficacy, improved perception of library resources, time savings and effort reduction in finding information, while passive instruction did not yield such benefits. Boustany [35] reported that students' selfassessments showed seemingly increasing difficulties with IL tasks over their years of study, possibly indicating that students become more critical of their own skills with each passing year. A phenomenographical study by Maybee revealed that students experience information use in a complex, multi-tiered way. To enhance their IL, educators should be attempting to guide learners to conceptualize information use in a variety of ways [36] . Two active learning methods for IL teachingguided and self-directed instruction -were compared by Schroeter & Higgins [37] , with the former method proving to be more effective than the latter. The active learning approach was not always more successful. In another study, a comparison of two active methods and traditional IL teaching [3] found that the traditional method was slightly more successful than the active methods. In recent research, Hsieh et al. [4] compared four teaching methods, including the traditional approach and active learning in IL instruction, regarding the first two ACRL standards. An improvement was observed for all methods, with no substantial differences between the methods. Regarding the effect of PBL on IL, traditional teaching was compared with PBL in a subject-based course by Eskola [38] in terms of the type of IL skills acquired during the course (developed, simple, and undeveloped). It was found that developed skills appeared more often when PBL was used. Other active teaching styles have also been employed in IL education; for example, a task-centred approach, involving more direct instruction than the problem-based approach [39] . In addition to investigating methods, research has also been focused on the mode of delivery of IL instruction, with e-learning modules being developed [28] as well as the integration of e-learning into traditional models, such as in blended learning [40] .
Motivation and research objectives
The above review of available literature reveals the advantages of active methods over traditional methods of IL instruction [2, 32] , as well as cases to the contrary [3] , but no superiority on the content level, based on individual ACRL standards, was reported [4] . Comparisons on the cognitive level [33, 38] , albeit with PBL in a slightly different setting (the effect of IL on subject teaching, the effect of subject teaching on IL), also found that PBL was better in higher cognitive categories. To our knowledge, no research has yet been conducted comparing the efficiency of project-based, problembased and traditional lecture-based learning (PjBL, PBL and LBL) according to all five ACRL standards, along with comparison of the cognitive levels of the Bloom taxonomy. In addition, we were interested in differences between the two active learning approaches: PjBL and PBL. These active methods were chosen because they have been used in our IL curriculum but have not been directly compared and statistically evaluated. We aimed to identify the IL topics and cognitive levels of IL in which each method was the most efficient, in order to make recommendations for adjusting the existing IL curriculum and methodologies so as to maximise the efficiency of learning.
Therefore, comparisons of the three teaching methods were carried out through the pre-test and post-test IL assessment analysis, taking into account the overall ILT result, as well as performance in groups of items according to subscale groupings of the ACRL standards and Bloom's cognitive categories.
Working hypotheses
It was anticipated that the effectiveness of all of the teaching methods would be good, but some differences were expected between the methods in total and subscale analyses, based on the results of previous research [32, 33] . The following hypotheses were formulated according to the objectives of the study:
Total ILT score:
• There are no statistically significant initial differences in the pre-test ILT total scores between the LBL, PjBL and PBL groups. • There is a significant improvement in the total ILT score (post-test vs. pre-test) for all three teaching methods.
• ILT total scores in the post-test are higher in the PjBL and PBL groups than in the LBL group (assumption based on [32] ). There is a difference between the PBL and PjBL groups.
Subscale analysis -groupings according to the subscales of 1) five ACRL standards and 2) three cognitive levels of the Bloom taxonomy:
• In the pre-test, there is no statistically significant difference between the LBL, PjBL and PBL groups.
• There is a significant improvement in all subscales for all teaching methods. • There are some differences evident between the three teaching methods in the improvement of individual subscales (assumption based on [33] , contrary to [3] ).
Materials and methods

Test groups of students
A total of 245 of students from the University of Ljubljana, enrolled in life sciences and health study programmes, participated in the study in the period from February 2014 to June 2015. The students were selected on the basis of their enrolment in compulsory credit-evaluated courses in informatics, implemented by the authors of this study, at the Biotechnical Faculty, the Faculty of Health, and the Faculty of Education of the University of Ljubljana, Slovenia. The IL content followed the ACRL standards for higher education [6] , which were adopted and translated to the national language [41] .
The study was performed with three experimental groups that were formed according to the three different teaching approaches applied in the courses:
• traditional lectures and practical work (LBL) -94 students, 38.4%; • project-based learning (PjBL) -101 students, 41.2%; • problem-based learning (PBL) -50 students, 20.4%.
Teaching methods in the LBL, PjBL and PBL groups of students
The courses in informatics, with the IL content adapted to the field of study, were delivered by two university professors (co-authors of this article), both with a PhD in life sciences, with additional specialisation in information science, and with more than 20 years of university teaching experience. All of the courses were compulsory, bearing 3 credit points (45 contact hours), and covered IL topics according to the ACRL standards of higher education. All of the students had access to university computers and internet in the university computer rooms, and used the same professional databases with access according to university licenses. In the LBL group, the lectures were organised in a formal or traditional way, following the linear, predefined consecutive order of chapters from the curriculum. Presentations and explanations of practical examples were given by the professor during lectures, while the students' practical work consisted of predesigned individual exercises in a computer room, with each student working with databases on a specific topic.
In the PjBL group, the lectures were organised mainly as structured explanations and instructions to support the project work. In most cases, the topics followed the predefined consecutive order of chapters from the curriculum, but at times adjustments were needed in order to proceed with the project work. Presentations and explanations of practical examples were given both by the professor during the lectures and by the students during shared discussions. The students' practical work consisted of individual projects to be completed by the end of the course, with practical tasks that followed a general working protocol. The students could select the topics of their individual projects from a range of medicinal plants and fungi, or from the recycling of various waste materials. Their main project task was to prepare a review article. In order to achieve this goal, they had to define the search terms, combine them into search queries, process the databases, evaluate and analyse the collected literature, and synthesise the information into a review article according to the practices of scientific writing and referencing.
In the PBL group, the students had to participate in solving a problem around the issue of drinking water. IL lectures were organised mainly as interventions, explanations, instructions or answering students' questions in order to facilitate the solving of sub-problems or the completion of tasks in the PBL course. A non-linear approach was therefore applied, not following the common predefined consecutive order of IL topics from the curriculum. The main problem (Which water is better to drink -bottled, tap or spring?) was first discussed within the group and then broken down into individual tasks and sub-problems to be studied, presented and discussed by the students. The practical work followed the tasks and the group dynamics in solving the problem. During the learning process, the students performed similar practical tasks: definition of sub-problems and search terms, preparation of search queries, employment of queries in databases, evaluation and analysis of documents, and synthesis of information into a project report that was submitted in a written form as well as being presented orally within the group discussion.
Research instruments and testing procedure
The Information Literacy Test (ILT) [1] was applied as the main IL measuring instrument. The test consists of 40 multiple choice questions with four possible answers, only one of which is correct. The electronic version of the ILT was accessible through the open access survey system 1ka (http://www.1ka.si/). A unified introductory protocol was applied before testing, explaining the purpose of the study, ensuring voluntary participation and anonymity, providing detailed instructions, and expressing gratitude for the students' participation. Each student was tested twice: prior to taking the course (pre-test) and after taking the course (post-test). Both pre-testing and posttesting took place at university locations, in presence of a professor. There was no time limit for completing the test.
Subscales
The ILT questions were classified into two sets of subscales: five subscales according to the five ACRL standards (denoted by A1 through A5), and three subscales according to Bloom's cognitive levels (Bloom1 through Bloom3). Due to the fact that the ILT is a multiple choice test, making it less suitable for assessing higher cognitive levels, application and higher levels were all included in the category Bloom3. In both groupings, the categorisation of the ILT questions was performed by a group of four specialists with experience in IL and education (for ACRL standards), and in science, pedagogy and psychology (for Bloom's categories). The final decisions were agreed by consensus.
Statistical tools and analyses
Statistical analyses were carried out for comparisons of the three student groups based on the teaching methods LBL, PjBL and PBL. The analyses performed on the total ILT score and on the subscale scores (pre-test and post-test or pre-test vs. post-test) included:
• Descriptive statistics (mean, and standard deviation; standard error of the mean, and variance only for the total score) for each method group; • Paired samples t-test (pre-test vs. post-test progress for each method group); • One-way ANOVA (differences between the three method groups) • Independent samples t-test (pairwise differences between the three method groups).
The Statistical Package for the Social Sciences (SPSS®, IBM, version 22) was used in the data analyses.
Results
The pre-test and post-test results of the LBL, PjBL and PBL student groups were uniformly coded and compared; pre-test vs. post-test analyses were carried out for total ILT scores and for ILT subscale scores, according to the two subscale item groupings: ACRL and Bloom.
Total ILT score
Descriptive statistics on ILT scores (Table 1 ) and score mean comparison ( Figure 1) show that all of the groups of students improved in the post-test. While the three groups exhibited similar IL levels in the pre-test, a bigger separation of the group means in the post-test points to differences between the groups in terms of IL levels. The paired samples t-test (Table 2) showed that in all three teaching methods the improvement was statistically significant, with the biggest improvement achieved in the PjBL group (17.6%), followed by the PBL group (16.8%) and the LBL group (9.2%). (Table 3) , used to compare pairs of groups, found a significant difference between the LBL and PjBL groups (5.5%), and between the LBL and PBL groups (7.2%). The difference between the PjBL and PBL groups (1.7%) was too small to be of statistical significance. Total ILT score analysis revealed that the project-and problem-based approaches achieved similar results and were both more effective than the classic lecture approach. 
Subscale analysis -ACRL grouping
Item subscales were formed by mapping the 40 test items with 5 ACRL standards [1] . The number of items in each subscale was 15, 10, 5, 3 and 7, respectively. Subscale scores were examined. Paired sample t-tests, conducted for each subscale in all three student groups, reveal (Table 4 ) a significant improvement in all ACRL subscales for all teaching methods. Effect sizes (d) are a magnitude higher in the PjBL and PBL groups than in the LBL group, and lower in the subscale A3 (critical evaluation of information) than in the other subscales.
Subscale score means are shown in Figure 2 , where the pre-test and the post-test scores are superimposed. Across all groups, the lowest pre-test scores (between 54% and 62%) were observed in the subscales A2 (information access/searching skills) and A5 (intellectual property/ethics issues), and the highest (between 77% and 82%) in the subscales A3 (critical evaluation of information) and A4 (effective use of information).
The pre-test -post-test mean differences (Table 4) , also visible as improvement in Figure 2 , imply that the PjBL and PBL groups achieved similar levels of improvement in the post-test, with the LBL group lagging behind in every subscale. In searching skills, information evaluation and intellectual property topics, the progress of the LBL group was only half that of the active groups. All of the groups achieved the most progress in searching skills, with nearly 25% in the PjBL and PBL groups, compared to 12% in the LBL group. A difference was expected, as the active learning groups had more authentic experience in database searching than the lecture-based group. The least progress was achieved in critical evaluation skills, with a less than 5% increase in the LBL group, compared to 12% in the active learning groups. Figure 2 . Pre-test and post-test score means (%) by ACRL subscales and teaching methods
One-way ANOVA performed next found no significant differences between the methods in the pretest in any of the subscales, with the exception of subscale A1 (information need identification), where the LBL group was better than the active groups. This subscale was excluded from the posttest comparisons.
Pairwise comparison of the methods in the post-test was conducted using a t-test for independent samples. The results shown in Table 5 demonstrate significant differences between the LBL and PjBL groups in every subscale, and between the LBL and PBL groups in every subscale except for the evaluation of information (despite the difference in progress nearing 8%). No significant difference was found in any of the subscales between the methods PjBL and PBL. The difference between LBL and active approaches was most pronounced in searching skills. 
Subscale analysis -Bloom grouping
At this stage, subscales were created by mapping the ILT items with the first three cognitive levels according to Bloom's taxonomy. The number of items in the subscales was 13, 16 and 11. The teaching methods were compared by analysis of subscale scores. Paired sample t-tests on each subscale and teaching method (Table 6) show significant improvement in all three subscales -for all of the teaching methods. All effect sizes in the PjBL and PBL groups were large. In the LBL group, only the Bloom3 (knowledge application) subscale had a large effect size; Bloom1 (knowledge) had a moderate effect size and Bloom2 (comprehension) a small effect size.
Superimposing the pre-test and post-test subscale score means (Figure 3) illustrates the mean differences (also in Table 6 ). The pre-test means reveal the highest test results in knowledge retrieval from memory (Bloom1, 72-78%), and the lowest in the knowledge application subscale (Bloom3, 54-60%). It is therefore not surprising that the most pronounced improvement was achieved in the subscale Bloom3 (17-25%), but the progress seems substantial in all three groups. In subscales Bloom1 and Bloom2, the LBL group lagged behind the PjBL and PBL groups, especially in the subscale of comprehension, where it only achieved approximately a third (5%) of the improvement of the two active-learning methods. Further investigation of group differences with ANOVA revealed no significant difference between the teaching methods in the pre-test in any of the subscales, while in the post-test, the groups differed in knowledge and comprehension, but not in knowledge application. The latter result implies that both passive and active methods were equally successful in conveying the skill of the use of information. Subscale Bloom3 (application) was therefore exluded from further comparisons.
A t-test for independent samples (Table 7) was used for pairwise post-test method comparisons.
Only the LBL and PBL methods differed significantly in the knowledge subscale (with a small effect size), while in the comprehension subscale, the LBL group differed significantly from both of the other methods. In the lowest cognitive category (knowledge), the PBL group was the most efficient and the LBL the least (with a 10% difference in improvement). 
Discussion
The results suggest that while all three teaching methods significantly improved student information literacy, action-oriented learning methods such as project-based (PjBL) and problem-based (PBL) learning were more successful than the traditional approach with lectures and exercises (LBL). This is in line with results of Hsieh and Knight [32] , finding PBL more effective than LBL in IL instruction for engineering students.
Regarding the different topics of the IL according to the ACRL standards, there was a significant improvement in the post-test in all subscales for all teaching methods. This suggests that any of the PBL improv.
LBL pretest
PjBL pretest PBL pretest three teaching methods can successfully improve students' IL in the whole range of standardised IL categories. However, students had the lowest initial knowledge in intellectual property and ethics issues and in searching skills, followed by slightly better results in the identification of information needs. In the teaching method comparison, the efficiency of PjBL and PBL did not differ much in any of the subscales, while both active-learning groups improved substantially more than the LBL group in four of the five ACRL standards. The improvement was the highest in searching skills, and in intellectual property/ethics, probably due to more authentic practical experiences with searching in the active-learning methods. Prior research [42] similarly finds PBL enabling better skill development. However, the results did not confirm the advantage of PBL in the identification of information needs, as found by Gurses [43] .
Furthermore, the subscale analysis according to the Bloom's taxonomy showed significant progress of students across all three cognitive level subscales, in all three teaching methods. The lowest initial IL level was recorded in the knowledge application category, and the highest in knowledge retrieval from memory. The comparison of teaching methods revealed no significant difference between PjBL and PBL in any of the subscales. In comparison to LBL, the active methods were significantly better in comprehension. This is in line with Keene et al. [12] , who found comprehension to be stronger in student-oriented activities. In contradiction with [42] , PjBL and PBL were also more successful in knowledge recall, but no difference between the methods was found in knowledge application, where improvement was the highest. Although no important differences between PjBL and PBL were detected, the improvement in the cognitive category of knowledge application was higher in the PjBL group.
Conclusions
The presented study explored and compared the efficiency of lecture-based, project-based and problem-based teaching approaches in an IL course in higher education. According to the research objectives and working hypotheses, the results can be summarised as follows:
• Initially the three student groups did not differ in their overall IL proficiency.
• By the end of the IL course, all three groups had improved substantially.
•
The final IL level of the LBL group was lower than those of the PjBL and PBL groups. The latter two did not differ significantly.
Subscale analysis of the ACRL standard grouping:
• With the exception of information need identification, the three method groups displayed similar initial IL levels, with the greatest deficiencies detected in intellectual property rights issues and in searching skills. • All of the teaching method groups improved notably, with the biggest improvement in searching skills.
• At the end of the course, the PjBL and PBL groups performed better than the LBL group in all topics except for information need identification, with the biggest difference being observed in searching skills and intellectual property topics. Neither of the two active learning methods was superior to the other.
Subscale analysis of the Bloom taxonomy grouping:
• Initially, the method groups did not differ significantly, with the highest scores in knowledge recall and the lowest in knowledge application. • All of the teaching method groups improved during the course, most notably in knowledge application, especially in the PjBL group. • Substantial final differences of the LBL group with the PjBL and PBL groups were recorded in comprehension. In knowledge recall, only the PBL group scored significantly better than the LBL group. Again, the PBL and PjBL groups were too close for meaningful distinction.
Based on the above findings, the study suggests the following conclusions:
• A well-organised credit-bearing university course significantly improves the IL of students in all main IL topics.
• Traditional and action-oriented teaching methods are all beneficial in reaching a higher level of IL knowledge, as well as of understanding and application of knowledge. Therefore, university educators may use and combine methods within the IL study courses.
In some aspects, different teaching methods result in different levels of IL knowledge and skills. Action-oriented teaching methods tend to promote IL through practice and experience, and are particularly better in searching skills and intellectual property topics. Project-based and problem-based approaches result in similar levels of IL improvement.
The value/originality of the presented research is the evaluation and comparison of three teaching methods, applied in higher education IL courses, from the viewpoint of their contribution to IL contents (as defined by ACRL standards) and cognitive levels (as defined by Bloom categories), using our own previously validated assessment tool (ILT).
The study strengthened some of the prior partial research results, citing the advantages of individual active learning methods vs. the traditional approach, thus justifying and recommending their integration into IL curricula, particularly to offer students authentic practical experiences with searching tasks and intellectual property/ethics issues.
Based on the results and experiences of this study, the following observations and recommendations might be useful for IL educators:
• Traditional teaching approaches seem to be most beneficial at the beginning of the IL course, as they provide a quick, solid, well-structured foundation, familiarising students with IL standards and with the purpose and objectives of the active learning tasks to follow.
In the traditional approach, the IL content follows a pre-defined order and is presented in a full lecture format. In contrast, short inserts of lectures on essential IL content seem to be more effective in the PjBL or PBL active learning sessions, presenting specific IL topics when they are needed in order to solve a PBL sub-task or to proceed with project work. However, this demands that the IL educator provide well-planned PjBL and PBL tasks, so that the whole spectrum of IL standards and outcomes is eventually covered, as defined in the curriculum. Not knowing the complete picture in advance, students might occasionally lapse into doubt, confusion, anxiety or frustration during the active learning process, particularly within the PBL format. The gain is sometimes recognised by students only at the end, when the tasks have been successfully completed, and when retrospection and reflection bring a clearer understanding and awareness of the acquired knowledge and skills.
• Regarding IL content, PjBL and PBL seem to be preferable and are particularly effective for searching tasks (ACRL standard 2) and intellectual property/ethics issues (ACRL standard 5).
• Within the active learning process focused on ACRL standard 2, the students gain personal experience and develop skills in a wide range of activities, such as (a) identifying key concepts and search terms, (b) selecting search strategies and search queries with appropriate commands for information retrieval, (c) adapting and implementing search profiles in various databases, information systems and web search engines, and modifying/optimising search strategies to achieve a manageable amount of the most relevant information, (d) evaluating information by assessing the quantity, quality and relevance of the search results, (e) identifying potential gaps in the information retrieved, in order to repeat or upgrade searches using revised search queries; (f) examining and evaluating information from various sources regarding reliability, validity and accuracy; and (f) creating a personal information management system for organising, structuring, storing and retrieving information in order to achieve the final goal.
• Through active learning approaches related to intellectual property/ethics issues (ACRL standard 5), students can gain first-hand experience in topics related to (1) privacy, security and licensing (free vs. fee-based access) of information sources; (2) authors' rights, copyright issues, piracy and plagiarism; (3) referencing and citing sources, selecting and using appropriate referencing styles; (4) industrial intellectual property, including patenting, trademarks and protection of industrial designs; (5) issues related to censorship, freedom of speech, political, economic or social bias, unfair advertising, consumer deception, onesided reporting, and confusing facts with opinions.
Although these findings cannot yet be generalised, they can serve as a preliminary information and provide ideas for the design of further similar studies in various educational and cultural environments. Further research could consider more cognitive levels, additional assessment methods and tools for active learning evaluation, incorporation of other active learning methods, other instruction delivery methods (e.g., e-learning, blended learning), and interpretation of results using the new ACRL Framework. For studying IL in the context of the higher cognitive categories (analysis, synthesis and evaluation), we suggest extending the ILT with a set of open-ended tasks, and/or assessing other student deliverables, such as seminar and project assignments, with adequate grading rubrics. Attempts to correlate the ACRL standards to the new ACRL Framework have been made [15] , so a similar study would be possible by mapping the ILT items according to the Framework's knowledge practices/abilities and dispositions, or more broadly according to the frames, instead of the standards, taking into account a set of new recommendations for assessment within the ACRL Framework [8] .
